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Outline 

• Engineered Nanomaterials 101 

• TURI engineered nanomaterial fact sheet 

– Hazard properties  

– Safer by design opportunities  

– Best management practices  

• Examples of Best Management Practices 

and Safer Development 

Principles/Programs and  
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R&D and Use – Spanning  multiple 

technology sectors 

Nanotechnology 

Aerospace 

Food and 
agriculture 

Medicine 

Bio-
technology 

Energy/ 
Env 

Trans-
portation 

National 
security 

Advanced 
materials/te

xtiles 

Cosmetics 
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Types of Engineered 

Nanomaterials 

Broad Categories: Engineered Nanomaterials 

Carbon-
based 

fullerenes, 
carbon 

nanotubes 

Metal  

Silver, gold, 
copper  

Metal 
Oxides 

Titanium 
dioxide, zinc 

oxide, iron oxide 

Dendrimers 

Hyperbranched 
polymers, 
dendrigraft 
polymers, 
dendrons 

Composites 

Nano clays, 
polymer beads 

Quantum 
Dots 

Quantum Dots 
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Engineered nanomaterials: enhanced 

performance compared to their bulk 

counterparts  

• At nano-scale:  

– material properties 

change - melting point, 

fluorescence, electrical 

conductivity, and 

chemical reactivity  

– Surface size is larger  

- more material comes 

into contact with 

surrounding materials 

and increases 

reactivity 

 

Nanoscale 
performance 

benefits 

More 
durable 

More 
reactive 

Stronger 

Lighter 

Better 
electrical 

conductivity 
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Physical-chemical properties: key to 

performance AND inherent hazard 

Physicochemical 
characteristics 

governing 
inherent hazard 

of ENM 

Chemical 
composition 

Surface 
area 

Shape 

Size 

Charge 
Chemical 
surface 
coatings 

Aspect ratio 

Reactivity 

Solubility 

Can we tune these 

properties to enhance 

performance AND reduce 

their otential hazards to 

ensure the safe 

development and use of 

engineered 

nanomaterials? 
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TURI’s Engineered 

Nanomaterials Fact 

sheet 

• Primer on 4 

engineered 

nanomaterials 

– CNTs, quantum dots, 

nano titanium dioxide, 

nanosilver 

• Safe use of ENM 

section 
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Carbon Nanotubes 

• Divided into 2 broad categories: 

– SWCNTs & MWCNTs: Dramatic variation 

in size, shape, chemical composition, 

reactivity, etc. 

• Emerging as substitutes for chemical 

toxicants 

– e.g., flame retardants, antifouling paints 

• Primary hazard end points of concern: 

– Pulmonary fibrosis ; pulmonary inflammation 

(NIOSH)  

– Cancer (IARC group 2B) [one type of 

MWCNTs] 
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Quantum Dots  

• Crystalline semiconductors 

– Semiconductor core: CdSe; CdTe; ZnS  

– Semiconductor shell: most often ZnS 

• Primary health hazard endpoints of 

concern: 

– Cd cores are of concern (carcinogenicity); 

toxicity seems dependent on coatings and 

release mechanisms of Cd2+ ions 

– Dose dependent lung injury and inflammation 

(based on specific functionalized CdSe) 
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Nano titanium dioxide 

• Size-dependent effects (i.e., micrometer 

versus nanoscale matters) 

• Primary health hazard endpoints of 

concern: 

– Pulmonary inflammation 

– Genotoxicity (under certain conditions) 

– Carcinogenicity (potential occupational 

carcinogen, NIOSH) 

– organ/liver effects (at high doses) 
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Nanosilver 

• Collodial silver  

• Primary health hazard endpoints of 

concern: 

– Aquatic toxicity – research suggests effects 

are dependent on the release of silver ions 

• Functionalization/aggregation/sulfidation – all 

possible mechanisms that reduce impacts 

 



12 © Toxics Use Reduction Institute   University of Massachusetts Lowell 

Best Management Practices – NIOSH Guidances 
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General guidance, including guidance for small businesses that 

include essential elements of a risk management program 
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Best Management Practice – 

Environmental Management 

• Good Question??? 

• Efforts (US and internationally) have focused 

on workplace controls to date 

• Environmental management best practices 

dependent on industrial hierarchy of controls 
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Workshop Objectives 
• Establish a community of practice that brings together 

technology developers, emergency management and national 

security experts 

• Exchange information pertinent to the identification and 

management of risks associated with accelerating technology 

development, convergence and advanced manufacturing 

• Identify critical knowledge gaps that may hinder risk 

assessment, emergency preparedness/response and national  

security from unprecedented changes in technology development 

and manufacturing  
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Principles of Design for SAFER Nanotechnology  

 Morose, G. J Cleaner Prod. 2010;18:285-289. 

Size, Surface & Structure: Diminish or eliminate the hazard by 

changing the size, surface or structure of the nanoparticle while 

preserving the functionality of the nanomaterial for the specific 

application 

Alternative Materials: Identify either a nano or bulk safer 

alternative that can be used to replace a hazardous 

nanoparticles 

Functionalization: Add additional molecules (or atom) to the 

nanomaterial to diminish or eliminate the hazard while 

preserving the desired properties for a specific application 

Encapsulation: Enclose a nanoparticle within another less 

hazardous material 

Reduce the quantity: Where the above principles can not be 

used, and use is necessary, investigate opportunities to use 

smaller quantities. 


